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Purpose 
•  Challenges of the 21st century: 
•  Growing population 
•  Climate change 
•  Energy security & sustainability 
•  Energy Efficiency Directive 
•  Stockholm action plan for climate and energy 
•  Energy efficiency measures 2012-2015 
•  Total energy consumption: -10% 
•  Building energy consumption: -5% 
Data 
• Hourly meter data of heat consumption (for year 2012) 
•  15 000 building complexes  
•  47 600 000 m2 
•  6667 football fields 
• Building characteristics 
•  Type, age group, location 
• 131 760 000 data entries 
•  4 y 65 days (at 1 entry per second) 
•  13 GB of raw data 
0250
500
750
1000
1.
 A
pa
rtm
en
t i
n 
m
u
lti−
fa
m
ily
 h
ou
se
1.
 D
et
ac
he
d 
m
u
lti−
fa
m
ily
 h
ou
se
1.
 M
ul
ti−
fa
m
ily
 h
ou
se
 in
 b
lo
ck
1.
 M
ul
ti−
fa
m
ily
 w
ith
 a
dd
 fu
nc
tio
n
1.
 S
in
gl
e−
fa
m
ily
 h
ou
se
2.
 H
ot
el
2.
 O
ffi
ce
 a
nd
 s
ho
ps
2.
 O
ffi
ce
 w
ith
 a
dd
 fu
nc
tio
n
2.
 W
ar
eh
ou
se
 w
ith
 o
ffi
ce
3.
 D
ay
ca
re
 a
nd
 re
cr
ea
tio
n
3.
 H
os
pi
ta
l &
 N
ur
sin
g 
ho
m
e
3.
 S
er
vic
e 
fla
t
4.
 C
hu
rc
h
4.
 M
ee
tin
g 
& 
co
m
m
u
n
ity
 c
en
te
r
4.
 S
ch
oo
l
4.
 S
po
rts
 fa
cil
ity
5.
 6
. O
th
er
 5
. I
nd
us
tri
al
 fa
cil
itie
s
5.
 6
. O
th
er
 fa
cil
itie
s
5.
 G
ar
ag
e
5.
 P
rin
tin
g 
in
du
st
ry
5.
 V
eh
icl
e 
as
se
m
bl
y
5.
 W
or
ks
ho
p
6.
 O
nl
y 
he
at
in
g
6.
 O
nl
y 
wa
rm
 w
at
er
6.
 S
tre
et
 h
ea
t
6.
 S
ub
wa
y 
st
at
io
n
6.
 T
he
rm
al
 p
la
nt
6.
 T
he
rm
al
 p
la
nt
, n
ot
 b
ille
d
7.
 N
ot
 c
la
ss
ifie
d
7.
 T
RN
S
An
nu
al
 E
UI
 [k
W
h/m
2 ] Class1. Residential
2. Commercial
3. Health & Care
4. Public
5. Industrial
6. Other
7. No class
Boxplots of annual EUI per category
Method 
•  Calculations: KNIME, MatLab 
•  Retrofitting cost and saving estimates 
•  Based on Stockholm Climate & Energy action plan 
•  Primary energy calculations 
•  EED annex II 
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Technical potential 
Efficiency measures 
•  Replace thermostats 
•  -5% heating demand  
•  low cost 
•  Install heat recovery ventilation 
•  -33% heating demand  
•  medium cost 
•  Renovate building climate shell 
•  EUI limited to 60 kWh/m2  
•  high cost 
•  Application of measures depends on current EUI 
Resulting set of buildings for retrofitting plan 
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•  Interest rate 4% 
•  Period 20y 
•  Positive NPV 
•  354 GWh 
•  664 buildings 
•  4.56% energy saved 
•  37 GTCE saved 
Boxplot of EUI for buildings in retrofitting plan 







Conclusions 
• City goals can nearly be reached with NPV > 0 
• Total potential corresponds to 49% (3.83 TWh/a) 
•  Investment cost € 8.7 billion (£ 7 billion) 
• € -3.3 billion NPV (4%) (£ -2.7 billion) 
•  € -5.3 billion NPV (10%)  (£ -4.2 billion) 
